1 Activation of protein kinase C (PKC) by phorbol 12,13-dibutylate (PDBu, 1 mM) induced sustained contractions with no increase in [Ca 2 þ ] i in nonpregnant and pregnant human myometria. The contractile effects of PDBu in pregnant myometrium were much greater than those in nonpregnant myometrium, and the contractions in pregnant myometrium were accompanied by an increase in myosin light chain (MLC) phosphorylation at Ser 19 . 2 The contraction induced by PDBu in pregnant myometrium was inhibited by the inhibitors of conventional PKC isoforms, bisindolylmaleimides and indolocarbazole, such as Go6976, Go6983, and Go6850 (1 mM). LY333531 (1 mM), a specific inhibitor of PKCb, also inhibited the PDBu-induced contraction in the pregnant myometrium. 3 In the pregnant myometrium permeabilized with a-toxin, PDBu increased the contractions induced at fixed Ca 2 þ concentration (0.3 mM) both in nonpregnant and pregnant myometria, indicating Ca 2 þ sensitization of contractile elements. 4 Western immunoblot analysis indicated that pregnant myometrium contained PKC isozymes such as conventional PKC (a, b, g), novel PKC (d, e, y), and atypical PKC (z but not i and l). RT-PCR and real-time RT-PCR analysis indicated that, among the conventional PKC, the levels of mRNA of b isoform in pregnant human myometrium were greater than those in nonpregnant myometrium. 5 CPI-17 is a substrate for PKC, and the phosphorylated CPI-17 is considered to inhibit myosin phosphatase. The levels of CPI-17 mRNA and protein expression were also greater in the pregnant myometrium.
Introduction
It is well known that uterotonic agonists such as oxytocin, endothelin-1, acetylcholine, and prostaglandins increase intracellular Ca 2 þ concentrations ([Ca 2 þ ] i ) and muscle tone in the uterus (Anwer & Sanborn, 1989; Sakata et al., 1989; Sakata & Karaki, 1992; Wray, 1993; Szal et al., 1994; Word et al., 1994; Kim et al., 1995; Fomin et al., 1999; Longbottom et al., 2000) . These receptor agonists stimulate phosphoinositide turnover in various types of smooth muscle, including uterine smooth muscle (Marc et al., 1986; Schrey et al., 1988; Schiemann et al., 1991) , and inositol 1,4,5-trisphosphate, one of the phosphoinositide hydrolysis products, releases Ca 2 þ from intracellular Ca 2 þ stores and induces transient contractions (Somlyo & Somlyo, 1994) . Another phosphoinositide product, diacylglycerol, stimulates protein kinase C (PKC), which phosphorylates various cellular functional proteins (Nishizuka, 1995; Webb et al., 2000) . It has been reported that PKC activation with phorbol ester inhibits smooth muscle contraction by inhibiting inositol phosphate production in gastric smooth muscle , while it induces contraction by the activation of contractile proteins in vascular and tracheal smooth muscles (Morgan & Morgan, 1984; Sato et al., 1988; Ozaki et al., 1990) . In contrast, in cultured smooth muscle cells of rat portal vein, phorbol esters increase L-type Ca 2 þ channel activity (Loirand et al., 1990) . However, in rat myometrial cells, PKC activation inhibits Ca 2 þ channel activity (Kusaka & Sperelakis, 1995) . These results suggest that the effects of PKC activation are tissue-and species-dependent, comprising both contractile and relaxing responses in which different mechanisms appear to contribute to their effects.
The rat has been widely used for the investigation of uterine biology and pharmacology. In the myometrium isolated either from pregnant or nonpregnant rat, it has been reported that phorbol ester induces inhibitory effects on contraction (Savineau & Mironneau, 1990; Phillippe, 1994a, b) . We have also observed decreases in [Ca 2 þ ] i and muscle contraction upon PKC stimulation by phorbol ester in rat myometrium, showing that PDBu inhibits the increase in [Ca 2 þ ] i more strongly in myometrium from pregnant than from nonpregnant rats (Kim et al., 1996) . In contrast to the results in rat myometrium, others have suggested the importance of PKC in the agonist-induced contractions in human myometrium (Morrison et al., 1996; Breuiller-Fouche et al., 1998; Eude et al., 2000) . However, very little is known about the precise mechanism of PKC-induced contraction in human myometrium.
In the light of the awareness of species-related differences in PKC-mediated signaling, we attempted to examine the effects of PKC activation on [Ca 2 þ ] i and contraction in myometrium isolated from pregnant and nonpregnant women. We found that PKC activation induces positive feedback control in the activation processes of the smooth muscle contractile element in human myometrium, which is distinct from findings in rat myometrium showing that PKC is involved in the negative feedback control of the contractile mechanism (Savineau & Mironneau, 1990; Kim et al., 1996) .
Methods

Selection of patients and tissue collection
Tissue samples were obtained from the patients undergoing myomectomy, hysterectomy, and elective cesarean section. This study was approved by the University Ethics Committee (#0205) and was performed according to the Declaration of Helsinki. Written informed consent was obtained from each patient. In term delivery group, pregnant women (26 -39 years of age) underwent elective lower segment cesarean section for previous cesarean section, cephalopelvic disproportion (CPD), fetal anomaly, and breech presentation at 37 -40 weeks gestation. Both internal and external cervical os were found to be closed in each primigravida (nonparous women) by vaginal examination and ultrasound sonography. In multigravida (parous woman), the internal cervical os was found to be closed, although the external cervical os was opened in some cases. Additionally, they did not receive any drugs that influence uterine contractile ability, such as indomethacin or b 2 adrenoceptor stimulants. Routine cesarean section was carried out under epidural anesthesia or spinal anesthesia. After delivery of the infant and placenta, a sample of myometrium (length 2 -3 cm, width 3 -6 mm, thickness 4 -7 mm) was taken from the upper margin of the lower uterine segment incision using tissue forceps and scissors. In the late stage of pregnancy, a transverse incision is usually made into the anterior wall of the lower uterine segment. As muscle fibers (sphincter-like fibers) around the internal cervical os are arranged transversely, the blood loss due to the transverse incision in the lower uterine segment was extremely less compared with classical longitudinal incision. The collection of myometrium from the portion of incision in the lower uterine segment was convenient and safe because extra incision was not needed. Additionally, in the cesarean section, the collection of myometrium from the portion of the unnecessary incisions was prohibited by University Ethics Committee.
Nonpregnant women (29 -54 years of age) underwent either myomectomy for myoma or total abdominal hysterectomy for ovarian tumor, cervical cancer (CIS or stage 1a), endometrial cancer (stage 1a or 1b), and myoma, and the myometrium was taken at the junction of inner cervical os and uterine corpus. The obtained tissue samples were immediately submerged in ice-cold University of Wisconsin Solution (Belzer UW, Dupont Pharma, Wilmington, Netherlands) and transported to the laboratory. Tissues were used within 2 days after the dissection.
Measurement of muscle tension
Longitudinal muscle strips (width 5 -6 mm, length 15 -20 mm) were dissected from the isolated tissue, and were attached to a vertical holder under a resting tension of 10 mN. Preliminary experiment indicated that human myometrial tissue generated maximum active tension under a resting tension of 8 -12 mN. After equilibration for 20 min in a physiological salt solution, each strip was repeatedly exposed to 40 mM KCl solution until responses became stable. The physiological salt solution contained (mM): NaCl 136.9; KCl 5.4; CaCl 2 1.5; MgCl 2 1.0; NaHCO 3 23.8; glucose 5.5; and ethylenediaminetetraacetic acid (EDTA) 0.01. The high K þ solution was prepared by replacing NaCl with equimolar KCl. These solutions were saturated with a 95% O 2 and 5% CO 2 mixture at 371C and pH 7.4. Muscle contraction was recorded isometrically with a force -displacement transducer (Model TB611T, Nihon Kohden, Tokyo, Japan) connected to a Model 3134 strain amplifier and Model 3056 ink-writing recorder (Yokogawa, Tokyo, Japan). We employed the contraction induced by 40 mM K þ at steady-state level as a reference response. In some experiments, contractile tension was expressed as absolute force (mN mg À1 wet weight tissue). We used only preparations that generated 40 mM K þ -induced contraction greater than approximately 5 mN. Ozaki et al. (1987) with a fluorescent Ca 2 þ indicator, fura-2. Muscle strips were treated with acetoxymethyl ester of fura-2 (fura-2/AM, 5 mM) for 4 -5 h at room temperature. A noncytotoxic detergent, cremophor EL (0.02%), was added to increase the solubility of fura-2/AM. After loading, the muscle strip was washed with physiological salt solution at 371C for 20 min to remove uncleaved fura-2/AM and was held horizontally in a temperature-controlled, 7-ml organ bath. One end of the muscle strip was connected to a force -displacement transducer to monitor the muscle contraction. The muscle strip was illuminated alternately (48 Hz) at two excitation wavelengths (340 and 380 nm). The fluorescence intensity of 500 nm (F340 and F380) was measured using a fluorimeter (CAF100, JASCO, Tokyo, Japan). The ratio of F340 to F380 (F340/F380) was calculated as an indicator of [Ca 2 þ ] i . To assess the successful loading of fura-2, we constantly monitored F340 and F380, and only data from experiments in which F340 and F380 changed in opposite directions were used. The absolute Ca 2 þ concentration was not calculated in this experiment because the dissociation constant of the fluorescent indicator for Ca 2 þ in cytosol may be different from that obtained in vitro (Karaki, 1989) . Therefore, the ratios obtained in resting and high K þ -stimulated muscle were taken as 0 and 100%, respectively.
Measurement of [Ca
Permeabilized muscle strips were prepared by treatment with Staphylococcus aureus a-toxin, as described previously (Nishimura et al., 1988; Kitazawa et al., 1989) . Small muscle strips, 0.1 -0.2 mm in diameter and 1 -2 mm in length, were made and held horizontally in a small 0.5-ml organ bath. Permeabilization was accomplished by incubating the muscle strips for 30 min with 80 mg ml À1 a-toxin in a relaxing solution containing 130.0 mM potassium propionate, 4.0 mM MgCl 2 , 4 mM Na 2 ATP, 20.0 mM tris-maleate, 2.0 mM creatine phosphate, 10 U ml À1 creatine phosphokinase, 1 mM carbonyl cyanide p-trifluoromethoxy-phenyldrazone, 1 mM E-64, 2 mM EGTA (pH 6.8), and indicated concentrations of free Ca 2 þ . All of the tissues were treated with 10 mM ionomycin to remove the effects of Ca 2 þ released from the sarcoplasmic reticulum. The apparent binding constant of EGTA for Ca 2 þ was considered to be 10 À6 M at pH 6.8. Experiments were conducted isometrically at room temperature (22 -241C).
MLC phosphorylation in intact muscle
Phosphorylation of 20 kDa myosin light chain (MLC) in intact tissues was determined by Western blotting of glycerol -PAGE as described in detail previously (Sakurada et al., 1994) . Strips of myometria were quickly frozen in dry ice -acetone containing 10% trichloroacetic acid (TCA) and 10 mM dithiothreitol (DTT). The frozen muscle strips were kept on ice over 4 h, then homogenized in 10% TCA solution with 10 mM DTT. The homogenate was centrifuged at 10,000 Â g for 1 min, after which the pellet was washed with diethyl ether 4 -5 times and then suspended in a urea -glycerol buffer containing 8 M urea. The suspended sample was re-centrifuged at 10,000 Â g for 5 min and the supernatant was collected. An equal amount of protein (10 mg lane À1 ) was loaded on each lane of glycerol -PAGE. Glycerol -PAGE was performed to separate phosphorylated MLC, and electrophoresed proteins were blotted on PVDF membrane (Bio-Rad Lab., Hercules, CA, U.S.A.) to perform Western blotting. The antibody, prepared in our laboratory, recognizes only 20 kDa MLC phosphorylated at Ser 19 (Sakurada et al., 1994) . Total nonphosphorylated MLC in the same sample was measured separately, and was used as a reference MLC protein in the smooth muscle. Area of phosphorylated MLC was measured using NIH image and the results are expressed as % of the resting level (unstimulated condition). Anti-MLC antibody (polyclonal rabbit anti-bovine tracheal MLC antibody) was kindly donated by Dr J. Stull, University of Texas.
Detection of PKC isozyme and CPI-17
PKC isozymes and CPI-17 were detected by western blotting method. Equal amounts (50 mg) of protein from the myometrial tissues were loaded for analysis by 7.5 -15% SDS -PAGE. The separated proteins were transferred by electrophoresis onto PVDF membrane (Biorad, Hercules, U.S.A.) and exposed to monoclonal antibodies (Transduction Laboratories, Franklin Lakes, U.S.A.) specific for the conventional PKC isozymes (PKCa, PKCb, and PKCg), the novel PKC isozymes (PKCd, PKCe, PKCZ, and PKCy), the atypical PKC isozymes (PKCi and PKCl or polyclonal anti-PKCz) (Santa Cruz Biotechnology, Santa Cruz, U.S.A.), and CPI-17 (CPI-17(N-20) (Santa Cruz Biotechnology, Santa Cruz, U.S.A.). The membranes were incubated with a horseradish peroxidaseconjugated sheep anti-mouse IgG or donkey anti-rabbit IgG. Detection was achieved using the enhanced chemiluminescence system following the manufacturer's instructions (Amersham Biosciences, Piscataway, U.S.A.). The immunoreactive bands were scanned with FLA-3000 (Fujifilm, Tokyo, Japan).
Semiquantitative RT -PCR
Total RNA extraction and semiquantitative RT -PCR was performed in the myometrial tissues. In the present experiments, we used the hot start method using Ampli Taq Gold DNA polymerase supplied by the Perkin-Elmer Corp. (Branchburg, NJ, U.S.A.). Total RNA was extracted from the smooth muscle strips by the acid-guanidinium isothiocyanate phenol chloroform (AGPC) method (Chomczynski & Sacchi, 1987) and the concentration of RNA was adjusted to 1 mg ml À1 with RNase-free distilled water. The PCR products were electrophoresed on 2% agarose gel containing 0.1% ethidium bromide. We visualized detectable fluorescent bands with an ultraviolet (UV)-transilluminator and saved the images using FAS III (Toyobo, Tokyo, Japan).
The forward (F) and reverse (R) oligonucleotide primers for b2-microglobulin, PKCa, PKCb, PKCg, and CPI-17 were as follows (with suitable size for PCR products): b2-microglobulin (F: ctcacgtcatccagcagaga; R: tctttttcagtgggggtgaa; 198), PKCa (F: ggaactcaggcagaaattcg; R: cagttcttctgtgcccttcc; 196), PKCb (F: aaattgccatcggtctgttc; R: ccttcgaattctgattggtca; 628), PKCg (F: ttgggagaggttggagagac; R: acgaagtccgggttcacata; 189), CPI-17 (F: gacgtggagaagtggat; R: gcccggctgcttgtg; 220).
Real-time RT -PCR analysis for PKCb
This procedure is based on the time point during cycling when amplification of the PCR product is first detected, rather than by the amount of PCR product accumulated after a fixed number of cycles. The parameter Ct (threshold cycle) is defined as the fractional cycle number at which the fluorescence generated by cleavage of the probe passes a fixed threshold above the baseline. The PKCb target gene copy number in unknown samples is quantified by measuring Ct and by using a standard curve to determine the starting copy number.
A standard curve was constructed for the PKCb isoform gene as the target and for the b2-microglobulin gene as an endogenous control. PCR products for PKCb and b2-microglobulin were cloned into pCR2.1 plasmid vectors and these plasmid vector DNA diluted serially were used as standard templates. The PKCb mRNA expression of the unknown samples was divided by the endogenous reference (b2-microglobulin) amount to obtain a normalized target value.
All PCR reactions were performed in an ABI Prism 7000 Sequence Detection System (Perkin-Elmer Applied Biosystems). The reaction mixture contained the Taqman universal master mix (Perkin-Elmer Applied Biosystems), 4 ml cDNA, 260 nM each primer, 257 nM FAM (6-carboxy-fluorescein)-labeled PKCb Taqman probe (5 0 -FAM-cgctccgtggccttagctgtgc-TAMRA-3 0 ), and 270 nM VIC-labeled b2-microglobulin Taqman probe (5 0 -VIC-cgctccgtggccttagctgtgc-tamra-3 0 ). Both Taqman probes were conjugated with TAMRA (6-carboxyltetramethylrhodamine) as a quencher dye. For an initial
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Chemicals
The chemicals used were p-trifluoromethoxy-phenyldrazone, creatine phosphokinase, creatine phosphate, oxytocin (Sigma Chemicals, St Louis, U.S.A.), EDTA, EGTA (Dojindo laboratories, Japan), fura-2/AM (Dojindo, Kumamoto, Japan), phorbol 12,13-dibutylate (PDBu) (Funakosi, Tokyo, Japan), Go6976, Go6983, Go6850, rottlerin (Biomol, Plymouth Meeting, U.S.A.), cremophor EL (Nacalai Tesque, Kyoto, Japan), E64 (protease inhibitor) (Peptide Institute, Osaka, Japan), and ionomycin (Hoechst Japan, Tokyo, Japan). S. aureus a-toxin was donated by Dr Iwao Kato (Chiba University, Chiba, Japan). LY333531 was kindly donated by Kissei Pharmaceutical Co. (Matumoto, Nagano, Japan). E64 and ionomycin were dissolved in ethanol. PDBu, fura-2/AM, Go6976, Go6983, Go6850, rottlerin, and LY333531 were dissolved in DMSO. The final concentration of DMSO was o0.1%, which alone had no effect on muscle tension.
Statistics
The results of the experiments were expressed as means7s.e.m.
(n refers to the number of patients). Statistical evaluation of the data was performed using the unpaired Student's t-test for comparisons between pairs of groups and by one-or two-way analysis of variance (ANOVA) followed by either Dunnett's test or the Tukey test for comparisons among more than two groups. A value of Po0.05 was taken as significant.
Results
Effects of PDBu on contraction
In the myometrium of nonpregnant women, smooth muscle strips generated spontaneous oscillatory contractions in normal PSS (1.98 cycles per 10 min, n ¼ 13). In the myometrium of pregnant women, on the other hand, roughly a half of the preparations (eight out of 17 muscles) generated oscillatory contractions (1.33 cycles per 10 min, n ¼ 8). In the myometrium of either nonpregnant or pregnant women, the addition of PDBu (1 mM) induced a sustained contraction that was maintained for over 2 h (Figure 1a) . In nonpregnant myometrium, spontaneous oscillatory contractions were usually superimposed on the sustained contraction. In pregnant myometrium (37 -38 weeks), PDBu induced a sustained contraction without oscillatory responses. The contractile force at steady-state level elicited by PDBu was significantly greater in the pregnant myometrium than in the nonpregnant myometrium ( Figure 1b ) (n ¼ 6). We also compared the absolute force (expressed as mN mg À1 tissue) and phosphorylated MLC in the presence of PDBu (1 mM). The pregnant myometrium exerted greater absolute force than nonpregnant myometrium in the presence of PDBu (Figure 2a) (Sakurada et al., 1994) . Treatment of the tissue with PDBu (1 mM) for 15 min had no significant effect on MLC phosphorylation in nonpregnant myometrium. However, in pregnant myometrium, the level of MLC phosphorylation increased approximately six-fold (Figure 2b ) (n ¼ 6).
We next examined the effects of various PKC inhibitors on PDBu-induced contractions. The contraction induced by PDBu in the nonpregnant myometrium was not affected by indolocarbasole, Go6976 (1 mM), an inhibitor of conventional PKC (PKCa and PKCb) (Way et al., 2000) . In contrast, the contraction induced by PDBu in the pregnant (37 -39 weeks) myometrium was greatly inhibited by Go6976 (1 mM). Other inhibitors of conventional PKC, bisindolylmaleimides (1 mM Go6983 and 1 mM Go6850) (data not shown), also strongly inhibited the PDBu-induced contraction in the pregnant myometrium. We also examined the effects of another PKC inhibitor, rottlerin, a selective inhibitor of the novel PKC isoform (PKCd), and found that at a concentration of 10 mM it did not inhibit the PDBu-induced contraction in either the pregnant (37 -39 weeks) or nonpregnant myometrium. These results are summarized in Figure 3 (n ¼ 4) .
We next examined the effect of a selective inhibitor of b PKC isoform, LY333531 (Ishii et al., 1996) . LY333531 (1 mM) 
Effects of PDBu on the Ca 2 þ sensitivity of contractile elements
To determine the relationship between [Ca 2 þ ] i and contraction in the phorbol ester-stimulated muscles, we measured [Ca 2 þ ] i simultaneously with contractile force. As shown in Figure 4a , in the nonpregnant myometrium (n ¼ 4), PDBu (1 mM) increased the resting tension with only slightly decreasing the [Ca 2 þ ] i levels. In the pregnant myometrium (37 -38 weeks) (n ¼ 4), PDBu (1 mM) markedly increased the resting tension without changes in the [Ca 2 þ ] i levels ( Figure 4b ). To further examine the correlation between [Ca 2 þ ] i and contractile force, we used the a-toxin permeabilized uterine smooth muscles. After the observation of control Ca 2 þ (10 mM)-induced contraction, Ca 2 þ (0.3 and 1 mM) was sequentially added in the absence or presence of 1 mM PDBu (pretreated for 30 min). In the nonpregnant myometrium, PDBu significantly augmented the 0.3 mM Ca 2 þ -induced contraction (Figure 5a ). In the pregnant myometrium (37 -38 weeks), PDBu significantly augmented the 0.3 and 1 mM Ca 2 þ -induced contractions (Figure 5b ). PDBu (1 mM) alone did not change contractile force in the absence of Ca 2 þ (n ¼ 5).
Effects of PDBu on high K þ -induced increases in [Ca 2 þ ] i and contraction
To determine the role of PKC activation in the stimulated muscles, we next examined the effects of PDBu in the high K þ -depolarized muscles (n ¼ 4). Figure 6a shows Figure 6 . Although the error bar was large, PDBu increased muscle force in every preparation. After treating the tissue with PDBu, we added verapamil (10 mM). In response to the verapamil treatment, [Ca 2 þ ] i decreased below the resting level and muscle tension slightly decreased.
Western blotting and mRNA
We examined the immunoblotting pattern for monoclonal and polyclonal antibody to various PKC isozymes in human pregnant myometrium. The results indicated that human pregnant myometrium containing conventional PKC (a, b, g), novel PKC (d, e, y), and atypical PKC (z). i and l isoforms of atypical PKC could not be visualized under our experimental conditions. The results are essentially similar to those reported by Hurd et al. (2000) .
As the results from the mechanical study using relatively specific PKC inhibitors suggested that conventional PKC might be involved in the increased contractility of the pregnant myometrium in response to phorbol ester, we examined the changes in mRNA of these isozymes using a semiquantitative RT -PCR method (Figure 7) . Among the conventional isoforms of PKC, mRNA levels of a and g isoforms of PKC did not change after the gestation. In contrast, the mRNA level of b PKC isoform in the pregnant myometrium (37 -38 weeks) was significantly greater than that in the nonpregnant myometrium (Figure 7b ) (n ¼ 4). We further carried out quantitative real-time RT-PCR to detect mRNA for PKCb. As demonstrated in Figure 8 , the amount of mRNA for PKCb significantly increased in the pregnant myometrium (n ¼ 4).
We also examined the mRNA and protein expression of CPI-17, which is considered to be a substrate for PKC and involved in the smooth muscle contractile elements (Kitazawa 
Discussion
It has been reported that PDBu does not induce contractions in rat myometrium (Kim et al., 1996) . In contrast, the present results demonstrated that PDBu induces a large sustained contraction when added under the resting state in human myometrium. These results suggest the existence of speciesdependent differences in the responsiveness to phorbol ester. Furthermore, we observed that the contractile effect of phorbol ester in human myometrium is greater in the pregnant than in the nonpregnant state. The results further demonstrated that PDBu increases the resting tension without increasing [Ca 2 þ ] i (Figure 4) . These results lead us to speculate that PKC activation might increase the Ca 2 þ sensitivity of contractile elements in human myometrium, and that this mechanism is augmented in the pregnant state. In various types of smooth muscle, including vascular and tracheal smooth muscles, activation of PKC by phorbol esters is known to increase the Ca 2 þ sensitivity of contractile elements (Kitazawa et al., 1989; Ozaki et al., 1990; Sato et al., 1992) . We consistently observed an augmentation of contraction by PDBu at fixed pCa 2 þ in the a-toxin permeabilized human myometrium. In the permeabilized rat myometrium, however, we observed no effects of PDBu on the Ca 2 þ -induced contraction (Kim et al., 1996) . These results suggest that, distinct from other types of smooth muscle tissues, rat myometrium does not have PKC-mediated Ca 2 þ sensitizing processes to activate contractile elements.
Since phorbol esters directly activate both conventional and novel PKC isozymes, we examined the effect of inhibitors of Figure 3 Effect of various PKC inhibitors (Go6976, rottlerin, and LY333531) on PDBu (1 mM)-induced contraction in nonpregnant (n ¼ 4) and pregnant (37 -39 weeks for Go6976 and rottlerin, n ¼ 4 each; 37 -40 weeks for LY333531, n ¼ 4) human myometrium. After the observation of control response to high K þ (40 mM), the muscles were contracted by PDBu (1 mM) in the absence or presence of the inhibitors (Go6976 1 mM, rottlerin 10 mM, and LY333531 1 mM). Tension is expressed as percentage of high K þ (40 mM)-induced contraction. Results are indicated as the mean7s.e.m. *Po0.05, **Po0.01 vs control (PDBu alone). 
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Role of PKC/CPI-17 in human myometrium contraction these isozymes on PKC-mediated contraction. We first selected Go6976 and rottlerin (Way et al., 2000) . Rottlerin has been shown to inhibit PKCd (novel PKC: Ca 2 þ -independent and diacylglycerol-dependent) with some effects over other PKC isoforms. This compound, at a concentration of 10 mM, which induces maximum inhibition of PKCd (Gschwendt et al., 1994) , did not inhibit the PDBu-induced contraction either in nonpregnant or pregnant human myometrium. The staurosporin-derived indocarbazole structure has been used to generate a further series of PKC inhibitors, the bisindolylmaleimides. Go6976 (1 mM), which inhibits PKCa and PKCb (conventional PKC: Ca 2 þ -and diacylglycerol-dependent), strongly inhibited the PDBu-induced sustained contraction. Bisindolylmaleimides, Go6983 and Go6850, both of which preferentially inhibit PKCa, PKCb, and PKCd, also induced a marked inhibition of the PDBu-induced contraction in the pregnant human myometrium. These observations suggest that the PKC-mediated contraction, which had been augmented by pregnancy, is attributable to the increased activity of the conventional isoforms of PKC family. LY333531 has been recently shown to inhibit PKCb with IC 50 of 4.7-5.9 nM, whereas for other PKC isoenzyme, the IC 50 was 250 nM or greater (Ishii et al., 1996) . In the pregnant human myometrium, this compound at 1 mM strongly inhibited the PDBu-induced contraction (Figure 3) .
The immunoblotting study indicated that human pregnant myometrium contained various PKC isozymes such as conventional PKC (a, b, g), novel PKC (d, e, y), and atypical PKCz. However, the i and l isoforms of atypical PKC were not found in the myometrium. Hurd et al. (2000) have recently reported, using Western blotting analysis, that PKCb is absent in nonpregnant myometrium, but is induced during pregnancy. In this study, we confirmed this finding by showing that mRNA for the b isoform was increased in the pregnant myometrium (Figures 8 and 9 ), leading us to speculate that this PKC isoform may be related to the increased contractility of pregnant myometrium in response to phorbol ester. Although Go6976, an inhibitor of PKCa and PKCb, inhibited the phorbol ester-induced contraction in pregnant myometrium, the contraction in nonpregnant myometrium was not affected by Go6976. These results suggest that the contractile activity in nonpregnant myometrium is not due to PKCb isoform, and that myometrial contraction is regulated by multiple PKC isozymes. 
Role of PKC/CPI-17 in human myometrium contractionMLC phosphorylation is the primary mechanism for activating smooth muscle contraction and occurs principally at Ser 19 of the 20 kDa MLC. In some circumstances, however, Thr 18 phosphorylation may also occur. Using an antibody that selectively recognizes phosphorylated 20kDa MLC at Ser 19 , we observed a significant increase in the MLC phosphorylation at Ser 19 in the pregnant myometrium stimulated with 1 mM PDBu (Figure 2b) . It is well known that during the stimulation of 
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Role of PKC/CPI-17 in human myometrium contraction smooth muscle contraction, the Ca 2 þ sensitivity of the contractile element is increased by reducing the myosin phosphatase activity. At least two phosphorylation pathways may be responsible for the increased Ca 2 þ sensitivity: the RhoA/Rho kinase and PKC (Hori & Karaki, 1998) . CPI-17, a phosphorylation-dependent inhibitory protein of myosin phosphatase, has been suggested to be the downstream effector of the PKC that may be responsible for the increased contractility (Kitazawa et al., 1999; Woodsome et al., 2001) , as PKC phosphorylates and activates CPI-17. The presence of the human CPI-17 had been detected from cDNA sequences and by Western blots on human aorta (Yamawaki et al., 2001) . In the present study, we observed that the levels of CPI-17 mRNA and protein significantly increased in the pregnant myometrium. Taken together, the PKC activation by phorbol ester with a high expression of either PKCb or CPI-17 generated greater contraction in the pregnant myometrium.
Previous reports (Baraban et al., 1985; Savineau & Mironneau, 1990; Phillippe, 1994b) have suggested that phorbol ester inhibits the contraction induced by several agonists such as oxytocin and high K þ in the rat myometrium. In this study, we examined the effects of PDBu on the high K þ -depolarized myometrium, and showed that phorbol esters rather potentiated the contraction of human myometrium. In the rat myometrium, the PDBu-induced inhibition of high Therefore, it appears that, unlike other smooth muscles, human myometrium may have a unique positive feedback mechanism for a contractile element coupled to PKC activation. This mechanism might function during labor, during which myometrium is stimulated by several physiological agents. On the other hand, the ability of PKC activation to decrease [Ca 2 þ ] i has been demonstrated in both human (present study) and rat myometrium (Kim et al., 1996) , which might induce negative feedback regulation following receptor activation. The balance between these two opposite processes may determine the level of contraction.
The uterine smooth muscle undergoes prominent changes during gestation, and increasing evidence indicates the differential expression or activity of functional proteins in human tissue. For example, Perez & Toro (1994) demonstrated that Ca 2 þ -activated large-conductance K þ channels are modulated differently in pregnant and nonpregnant myometrium. Word et al. (1993) demonstrated that the content of contractile elements, such as myosin, actin, caldesmon, and calponin, changes during the course of gestation. The content of cytoskeletal components, such as desmin and vimentin, is also changed after pregnancy (Leoni et al., 1990) . As PKC targets many proteins in the cell, it is possible that the abovementioned pathways may also play a role in the PKC-mediated increased contractility of the human pregnant myometrium. Eude et al. (2000) have investigated the role of PKC in contraction of the human myometrium induced by endothelin-1 at the end of pregnancy. The authors indicated that conventional PKC isoforms (a and b), novel PKC isoforms (e and d), and an atypical PKC isoform (z) were detected in pregnant myometrium. Quantitative immunoblotting further revealed that, of these PKC isoforms, only PKCb, PKCd, and PKCz were translocated to the particulate fraction, and PKCe to the cytoskeletal fraction, after stimulation with endothelin-1. The authors suggested that PKCd and PKCz activation mediates endothelin-1-induced contraction, whereas conventional PKC isoforms were not implicated in the human pregnant myometrium. In this study, we have examined if the PKCb-mediated mechanism is involved in the physiological contractile responses. In the human myometrium, oxytocin stimulated oscillatory contractions, which might be mediated either by the increase in the sensitivity of contractile element. LY333531, a selective inhibitor of PKCb, inhibited approximately 50% of the oxytocin-induced increase in spontaneous contractions (our unpublished observations). The discrepancy in the role of PKCb between the contractions induced by oxytocin and entothelin-1 remains unknown at present, and a future study is needed to solve this problem.
Adrenergic b-agonists have been used for the management of preterm labor, as they are effective in suppressing uterine smooth muscle contraction. However, it has been argued that b-agonists are not always beneficial for the treatment of preterm labor because there is a downregulation of b-adrenergic receptors and/or an uncoupling of b-adrenergic receptor to adenylate cyclase via Gs in the patients (Litime et al., 1989; Dayes & Lye, 1990 ). The present study in human materials suggests that the inhibition of PKCb may be a novel therapeutic strategy in the treatment of the preterm labor.
In conclusion, we have found for the first time that PKC activation by phorbol ester, possibly through the PKCb/CPI-17 pathway, enhances contraction in the pregnant human myometrium with increasing Ca 2 þ sensitivity of contractile elements. 
Role of PKC/CPI-17 in human myometrium contraction
